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ABSTRACT 

This  report  describes  the  specifications  and  approach,  details  the  work 
completed  in  the  design  and  fabrication  of  two  L-band  solid  state  frequency 
sources,  and  describes  the  progress  made  towards  an  eventual  high  rate  produc- 
tion demonstration  of  these  two  circuits.  These  two  circuits  are  a Modulator/ 
Transmitter  for  Radiosonde  applications  and  an  FM  Source. 

The  fourth  set  of  Radiosonde  engineering  samples  has  been  completed  and  per- 
formance data  is  available.  All  effort  has  been  terminated  on  this  portion 
of  the  program. 

Work  on  the  fourth  set  of  FM  Source  engineering  models  has  been  stopped  until 
complete  analysis  of  the  second  order  linearity  problem  has  been  made.  Analyti 
cal  analysis  is  being  performed  on  several  network  topologies  in  order  to 
determine  the  optimum  oscillator  configuration  for  best  linearity. 
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SECTION  1 
INTRODUCTION 

1.1  PURPOSE 

The  purpose  of  this  contract  is  to  establish  the  design  and  producibility  of  two 
microwave  frequency  sources,  to  improve  the  ability  to  produce  the  component  or 
process  and  to  compile  data  for  production  of  these  two  sources  on  the  basis  of 
existing  plant  capacity.  The  characteristics  of  the  devices  are  briefly  described 
as  follows: 

A.  Radiosonde  Modulator/Transmitter 

1.  Frequency  1680  ± 2!0  MHz 

2.  Power  Output  65  mW 

.3.  Modulation  100%  AM  0 to  1835  Hz 

4.  Frequency  Stability 

(-70°C  to  +70°C)  ± 2 MHz 

B.  FM  Source 

1.  Frequency  1375  ± 25  MHz 

2.  Power  Output  500  mW 

3.  Modulation  FM  0 to  1 MHz  rate 

4.  Tuning  Linearity 

(50  MHz  Bandwidth)  ± 2% 

Further,  it  is  a goal  of  this  program  to  investigate  the  application  of  thick  film 
technology  in  microwave  integrated  circuits  and  to  determine  the  processes  and 
materials  required  for  low  cost,  high  volume  production. 


The  requirements  of  this  contract  are: 

1.  Deliver  40  engineering  samples  of  each  circuit  type. 
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2.  Test  and  deliver,  with  test  reports,  50  confirmatory  samples  of 
each  circuit  type. 

3.  Establish  a pilot  production  line  and  fabricate  500  units  of  each 
type  at  a rate  of  4000  units  per  month. 

4.  Prepare  technical  data  and  reports. 

5.  Determine  the  requirements  and  plans  to  support  a production  >^ate  of 
40,000  units  per  month. 

1 .3  GLOSSARY 

Radiosonde  - A miniature  radio  transmitter  with  instruments  attached,  which  is 
carried  by  an  unmanned  balloon  to  a height  of  105,000  ft  and  dropped  by  parachute, 
for  broadcasting  by  means  of  precise  tone  signals,  information  on  humidity  and 
temperature. 

MIC  - Microwave  integrated  circuit 
TBD  - To  be  determined 
RF  - Radio  frequency 

£ - A measure  of  the  relationship  between  stored  energy  and  the  rate  of  dissipa- 
tion in  certain  elements,  structures  or  materials 

TC  Bond  - Thermo  compression  bond 

PEM  - Production  engineering  measures 

MM&T  - Manufacturing  Methods  and  Technology 

FRIT  - Melted-glass  composition,  ground  up  and  used  in  thick  film  compositions, 
that  melts  upon  firing  to  give  adhesion  to  the  substrate. 

MESH  SIZE  - The  number  of  openings  per  lineal  inch  in  a screen.  A 200-mesh 


screen  has  200  openings  per  lineal  inch,  40,000  openings  per  square  inch. 
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SECTION  2 

NARRATIVE  AND  DATA 


2.1  RADIOSONDE  MODULATOR/TRANSMIHER 

2.1.1  Description  of  the  Device 

The  Radiosonde  Modulator/Transmitter  consisting  of  a mechanically  tuned 
L-Band  thick  film  oscillator,  a thick  film  hybrid  modulator,  a negative  voltage 
regulator  and  a di scone  antenna  comprises  90"  of  the  electronics  of  Atmospheric 
Meteorological  Probes.  The  modulator  generates  and  shapes  pulses  which  100" 
amplitude  modulate  an  RF  carrier.  The  pulse  reoetition  rate  of  the  modulator 
which  varies  from  0 to  950  Hz,  is  determined  by  the  resistance  of  the  tempera- 
ture and  humidity  sensors.  The  modulator  also  generates  identification  fre- 
quencies of  1395  Hz,  1630  Hz  and  1835  Hz  and  a reference  frequency  of  950  Hz. 

The  data,  identification  frequencies  and  reference  frequency  is  sequentially 
telemetered  to  the  ground  station  when  it  can  be  automatically  processed.  The 
oscillator  can  be  tuned  from  1660  MHz  to  1700  MHz  and  delivers  a minimum  of 
65  mW  across  the  operating  band  under  all  operating  conditions.  The  RF  signal 
is  fed  into  a di scone  antenna  having  an  input  impedance  of  50  ohms.  After 
testing  the  entire  transmitter  is  assembled  in  a protective  dielectric  housing. 

The  requirements  of  the  radiosonde  are  summarized  in  Table  1. 

>1 


w 


I 


I 

I 

Page  2-2 


Table  1.  Summary  of  Requirements  for  the  Radiosonde 
Modulator/Transmitter  Module 


PARAMETER 

VALUE 

UNITS 

Frequency  (Mechanically  Tunable) 

1680±20 

MHz 

Power  Output  (Coaxial  Output) 

65  min. 

mW 

Frequency  Stability  (vs  Temperature) 

4 max. 

MHz 

Frequency  Shift  with  Modulation 

150  max. 

kHz 

Pulse  Modulation  Rates 

Meteorological  Data 

25  to  950 

pps 

Identi fiers 

1395±115 

PPS 

1630±115 

pps 

1835+75 

pps 

Reference 

950±50 

pps 

Super-regenerati  on 

None 

- 

Sensor  Base  Current 

75  max. 

UA 

Transfer  characteristic 

per  para.  3.2.1 , 

.12  of  SCS-408A 

Weight 

150  max. 

gms 

Operating  Conditions 

Supply  Voltage 

-20  to  -30 

Volts 

-24  nom. 

Volts 

Temperature 

-70  to  +70 

°C 

A1 titude 

105,000 

ft 

Current 

100  max. 

ma 

Pulse  Width 


60±20 


ysec 
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2.1.2  Design  Considerations 


2. 1.2.1  General 


The  major  design  effort  was  complete  during  the  proceeding  reporting  period, 
and  by  agreement  between  Rockwell  (Collins)  and  ECOM,  all  effort  on  the  Radio- 
sonde portion  of  this  MM&T  was  to  end  with  the  completion  of  the  last  group 
of  engineering  units.  The  engineering  units  have  been  built  and  the  test 
results  are  shown  in  paragraph  2.1.3.  The  conclusion  reached  during  the 
Radiosonde  development  effort  was  that  thick  film  is  a viable  replacement  for 
thin  film  circuits  and  significant  time  and  cost  savings  can  be  realized  by 
using  thick  film  methods. 

2.1.3  Test  Results 

Table  2 summarizes  the  test  results  for  the  fourth  engineering  samples.  Con- 
struction is  identical  to  that  of  the  third  engineering  units,  except  that  a 
chip  capacitor  (lyF)  on  the  modulator  board  was  replaced  with  an  axial  lead 
device  for  increased  reliability.  All  units  met  power  output,  current,  refer- 
ence frequency  and  transfer  characteristics  specifications  over  the  full 
temperature  range.  Six  units  met  the  frequency  stability  requirement  of 
4 MHz  over  the  full  temperature  range  and  the  remaining  four  met  the  spec  from 
-50"’C  to  +70°C  but  were  slightly  out  of  spec  between  -70°C  to  -50°C.  All  units 
met  the  pulse  width  spec. 


2.2  FM  SOURCE 

2.2.1  Description  of  the  Device 

The  FM  Source  is  a thick  film  microwave  integrated  circuit  intended  for  use  as 
a linear  frequency  modulated  transmitter  in  applications  requiring  a rugged, 
low  cost,  lightweight  device.  It  consists  of  a varactor  tuned  transistor 
oscillator  followed  by  a transistor  power  amplifier  stage.  The  oscillator 
operates  at  a fixed  frequency  of  1375  25  MHz  and  delivers  a minimum  of  500  mw 

into  a 50  ohm  load.  The  unit  is  capable  of  being  frequency  modulated  at  any 
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rate  up  to  1 MHz  by  application  of  a signal  on  a designated  input  lead.  Total 
frequency  deviation  is  50  MHz  minimum.  The  unit  is  housed  in  a rugged  hermetic 
structure  capable  of  withstanding  severe  environmental  stress. 


The  requirements  for  the  FM  Source  are  suiranarized  in  Table  3. 


2.2.2  Design  Considerations 


FM  Linearity 

The  importance  of  the  + 2%  second  order  linearity  of  the  FM  Source  in  system 
operation  has  been  discussed  with  HDL.  The  present  Collins  oscillator  design 
does  not  meet  this  requirement,  and  the  previous  RCA  circuit  would  meet  + 2% 
over  only  a 35  MHz  band  and  appeared  to  require  a significant  amount  of  post 
assembly  tuning  to  achieve  this  limited  linearity  performance.  In  order  to 
develop  a manufacturable  osci 1 labor/ ampl ifier  having  this  high  degree  of  second 
order  linearity,  one  must  first  develop  an  analytical  model  of  the  circuit  to 
determine  the  maximum  theoretical  bandwidth  for  a given  linearity  and,  then,  be 
able  to  evaluate  the  effect  of  circuit  element  variations,  variation  of  varactor 
diode  characteristics  and  the  effect  of  load  variations  on  the  theoretical 
performance.  The  synthesis  and  analysis  of  a network  having  an  inbedded  non- 
linear element  such  as  a varactor  diode  cannot  be  handled  by  general  purpose 
optimizer  programs  presently  available. 

Computer  Synthesis  Program 

A new  analysis/synthesis  program  is  being  generated  to  synthesize  and  analyze 
networks  capable  of  linearizing  the  reactive  tuning  portion  of  the  FM  Source. 
This  new-  program  will  use  some  presently  available  optimization  sub-routines 
imbedded  in  a new  structure  which  will  allow  program  optimization  of  all  compo- 
nents, including  the  required  range  of  the  varactor  diode.  The  technique  used 
in  this  new  program  is  briefly  outlined  as  follows: 


Table  3 
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Summary  of  Requirements  for  the  FM 

Source 

PARAMETER 

VALUE 

UNITS 

RF  Frequency 

1375  + 25 

MHz 

Power  Output 

500  Min. 

mW 

Power  Variation  over 

Frequency  Range 

1 Max. 

dB 

Modulation 

Type 

FM 

Deviation 

+ 25  Min. 

MHz 

Tuning  Voltage 

30 

Volts  p-p 

Input  Impedance 

1000  Min. 

ohms 

Deviation  from  constant 

tuning  slope 

+ 2 Max. 

% 

Input  Voltage  (?  Center 

Frequency 

15  + 5 

• Volts 

Operating  Conditions 

Supply  Voltage 

24  + .25 

Volts 

Current  @ 24  VDC 

175  Max. 

ma 

Temperature 

-40  to  + 70 

»C 

Shock 

150  (for  11  msec) 

g 

Altitude 

50,000 

ft 

Weight 

65 

grams 

AM  Noise 

-100 

dBc 

FM  Noise 

-60 

dBc 

Frequency  Turn  On  Stability 

' + 2.5 

Wz 

Power  Turn  On  Stability 

+10 

1 
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1.  Define  a mathematical  equation  for  the  C/V  relationship  of  a 
varactor  diode. 

2.  Determine  the  reactance  vs  frequency  characteristics  for  the 
active  portion  of  the  oscillator. 

3.  Define  a tuning  network  topology,  either  lumped-element  or 
transmission  line  form,  based  on  the  linear  tuning  network 
techniques  developed  by  L.  Tozzi. 

4.  By  iterative  calculation,  determine  the  resonant  frequency  of 
the  tuning  network/oscillator  reactance  for  a given  voltage 
range  and  voltage  increments. 

5.  Fit  the  voltage  vs  frequency  curve  found  in  step  4 to  a fourth 
order  polynominal  having  the  form: 

f = Aq  + V + A2v2  + + A^V^ 

6.  Derivatives  of  the  function  generated  in  step  5 are  used  to 
determine  the  second  order  linearity,  points  of  minima  and  maxima, 
and  points  of  inflection. 

7.  The  tuning  range,  tuning  sensitivity  and  second  order  linearity 
generated  in  steps  1-6  will  be  used  to  direct  a synthesis/analysis 
sub-routine  to  create  an  optimum  network  for  a gain  center  fre- 
quency, bandwidth  and  linearity  restriction. 

The  analysis  portion  of  the  program  can  be  used  to  analyze  the  effect  on  linearity 
and  bandwidth  of  changes  in  network  elements,  varactor  characteristics  and  oscilla- 
tor load  variation. 

The  basic  concepts  have  been  proven  using  a programmable  desk  calculator  routine. 
Due  to  limited  speed  and  memory  capability,  only  the  analysis  portion  of  the  pro- 
gram can  be  handled  by  this  machine.  Final  programming  is  being  done  on  the 
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Univac  1108  system  in  the  Collins  computer  center.  All  circuit  elements  will  be 
input  with  the  lossy  elements  and  stray  reactances  normally  associated  with 

microstrip  circuits.  The  oscillator  model  generated  by  this  method  will  yield 
the  design  plan  and  expected  performance  objectives  for  the  rework  of  the  FM 
Source. 

Snapstrate  Design 

The  first  shipment  of  snapstrates  has  been  received  from  the  vendor  and  sample 
lot  of  substrates  was  screened  to  check  the  tolerances  between  screens  and 
hole  locations.  These  units  have  not  been  built  up  and  tested  electrically 
because  of  the  FM  linearity  problems.  Changes  in  the  circuit  configuration 
will  probably  require  changes  in  the  hole  locations  on  the  substrate  which  will 
require  a new  soft  tooling  and  a new  lot  of  substrates. 

Manufacturing  Plan 

The  manufacturing  plan  for  the  Confirmatory  Samples  of  the  FM  Source  has  been 
completed,  based  on  the  existing  design.  Anticipated  change  in  the  FM  Source 
design  will  require  only  minor  changes  in  this  plan  which  will  be  submitted 
with  the  fourth  engineering  samples. 

2.2.3  Problems 
FM  Linearity 

Analysis  of  the  FM  linearity  problem  has  been  discussed  in  a previous  paragraph. 
The  completion  of  the  fourth  engineering  samples  has  been  stopped  until  the 
linearity  problem  is  resolved. 

Shock  and  Spin  Test  Results 

The  following  units  have  been  returned  to  Collins  for  evaluation  after  shock 
tests  at  Harry  Diamond  Laboratories  as  indicated: 
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SH 

SETBACK 

IMPACT 

22 

11,470G 

< SETBACK 

25 

11,660G 

< SETBACK 

23 

24,290G 

> SETBACK 

26 

24,670G 

» SETBACK 

29 

24,7706 

» SETBACK 

All  units  sustained  external  damage  of  varying  degrees.  The  output  cable  sepa- 
rated from  the  housing  on  all  units  except  serial  number  25.  No  attempt  was 
made  to  evaluate  serial  numbers  23,  26  and  29  since  the  impact  shock  is  unknown 
and  damage  was  severe. 

Serial  numbers  22  and  25  exhibited  less  damage,  although  the  outer  cups  were 
petTTianently  deformed  .013  and  .022  inches,  respectively.  This  exceeds  the 
deflection  of  .0051  inches  which  will  withstand  without  cracking  as  discussed 
in  Quarterly  Report  No.  2. 

Inspection  revealed  that  the  inner  and  outer  cups  made  of  410  stainless  steel 
had  not  been  heat  treated  to  Rockwell  C-41  as  specified.  However,  the  calcu- 
lated maximum  dynamic  bending  stress  of  44,360  PSI  for  a 30,0000  shock  of 
6MS  duration  is  slightly  less  than  the  yield  strength  of  45,000  PSI  for  the 
material  in  an  annealed  condition.  Serial  numbers  22  and  25  were  subjected  to 
a much  lower  shock  level  of  11,4700  and  11,6600,  respectively.  These  shock 
levels  should  produce  a significantly  lower  bending  stress  than  the  yield 
strength  of  the  annealed  material.  The  deformation  of  these  units  indicate  an 
additional  external  load  has  been  applied  to  the  inner  and  outer  cups,  increas- 
ing the  bending  stress  and  exceeding  the  yield  strength.  The  samples  also 
show  the  inner  and  outer  cups  deformed  concave  in  opposite  directions.  This 
indicates  that  the  potting  material  used  during  the  shock  test  has  deformed, 
causing  a compressive  force  on  the  opposing  cups.  A shock  fixture  may  be  re- 
quired to  eliminate  this  additional  loading. 
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In  addition  to  the  additional  loading  caused  by  the  potting  material,  H. 

Gerlack  of  Harry  Diamond  Laboratory  indicates  there  is  some  concern  about 
the  accuracy  of  "G"  levels  to  which  serial  numbers  22  and  25  have  been 
subjected. 

2.3  MATERIALS  EVALUATION 

During  this  reporting  period,  the  evaluation  of  screened-thru-holes  was 
completed.  The  results  of  this  experiment  are  included  in  the  Materials  Evalua- 
tion Report  which  is  Appendix  I of  this  report  and  will  not  be  discussed  here. 
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SECTION  3 
CONCLUSIONS 

3.1  RADIOSONDE  MODULATOR/TRANSMITTER 

Development  of  this  portion  of  the  program  has  shown  thick  film  to  be  a viable 
method  of  building  this  type  of  microwave  oscillator.  Further  effort  would  be 
required  to  develop  techniques  for  high-volume,  high-yield  production,  but  the 
basic  production  and  manufacturing  techniques  have  been  demonstrated. 

3.2  FM  SOURCE 

The  added  emphasis  on  second  order  linearity  has  caused  a delay  in  the  FM 
Source  development  program.  Analysis  and  optimization  tools  must  be  developed 
to  generate  a linearization  circuit  and  to  determine  the  sensitivity  of  the 
circuit  to  element  variation  before  a final  design  can  be  made.  Previous 
modeling  techniques  are  not  sufficient  to  generate  and  evaluate  an  oscillator 
with  the  required  linearity. 
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SECTION  4 

PROGRAM  FOR  NEXT  INTERVAL 


4.1  FM  SOURCE 

The  following  objectives  are  planned  for  the  next  reporting  period: 

1.  Complete  the  analysis  and  optimization  computer  program 
for  linearization  network. 

2.  Determine  the  best  network  configuration  for  optimum 
1 inearity. 

3.  Build  and  evaluate  linear  network  oscillator/amplifier. 

4.  Fabricate  and  test  fourth  set  of  engineering  samples. 

5.  Repeat  shock  and  spin  test  on  properly  heat  treated  modules. 
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SECTION  5 

IDENTIFICATION  OF  PROJECT  PERSONNEL 

The  personnel  directly  related  to  the  ECOM  project  are  listed  in  Table  4. 
Resumes  of  personnel  new  to  the  project  are  included. 


TABLE  4 

Identification  of  Project  Personnel 


Personnel  Titles 


R. 

E.  Shipley 

Program  Manager 

L. 

D.  Bachman 

Project  Engineer 

J. 

K.  McCoy 

Project  Engineer 

K. 

W.  Hoover 

Design  Engineer  (Elect.) 

L. 

G.  Ward 

Design  Engineer  (Mech.) 

H. 

D.  Jenkins 

Mechanical  Engineer/Group  Head 

R. 

Schultz 

Senior  Process  Engineer 

C. 

L.  Fox 

Senior  Technician 

V. 

Miller 

Assembly  Technician 

D. 

Warner 

Thick  Film  Technician 
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L.  D.  BACHMAN 


POSITION:  Project  Engineer,  RF  Products  Department 

Hybrid  Microelectronics  Division 
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7.1  INTRODUCTION 

The  purpose  of  this  investigation  was  to  determine  the  compatibility  of 
specific  thick  film  conductors  for  use  in  high  frequency  hybrid  circuits. 

This  evaluation  did  not  include  all  thick  film  material  presently  on  the 
market,  nor  were  all  the  processing  variations  investigated  for  determining 
optimum  results.  A typical  material  from  each  of  the  major  thick  film  con- 
ductor systems  was  evaluated.  Thick  film  inks  were  chosen  so  that  each 
bonding  mechanism  - reactive,  mixed  and  frit  - was  also  investigated. 

The  conductors  chosen  and  their  respective  bonding  mechanism  are  shown  in 
Table  7-1.  From  manufacturers'  published  data,  the  gold,  PtAg  and  copper  inks 

have  the  highest  electrical  conductivity.  PtAu  are  the  most  solder  leach 
resistant  and  have  the  highest  D.C.  resistivity.  Copper  requires  nitrogen 
atmosphere  during  firing  to  prevent  oxidation  at  elevated  temperatures. 
Resistivity  of  copper  conductors  is  low  and  solder  leach  resistance  is  good. 
PdAg  is  an  economical  thick  film  material  but  has  a higher  resistivity  than 
the  golds  or  PtAg's  and  also  has  a decrease  in  aged  adhesion  using  tin  bear- 
ing solders.  The  conductors  chosen  for  the  evaluation  cover  the  range  of 
resistivity  and  metal  types  presently  available. 


Bonding  mechanism  of  thick  film  materials  to  alumina  substrates  is  a complex 
reaction  involving  the  melting  of  glasses,  wetting  characteristics  of  glass 
to  ceramic  and  metal  particles,  and  the  formation  of  compounds  with  the 
ceramic.  Present  thick  film  inks  can  be  divided  into  three  categories: 
reactive  bonded,  mixed  bonded  and  frit  systems.  Reactive  bonded  thick  film 
inks  do  not  have  glass  forming  compounds  present.  Instead,  reactive  compo- 
nents are  added  to  the  conductor  material; during  firing  these  materials 
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form  a spinel  compound  with  alumina.  The  reactive  component  is  usually 
copper  with  other  minor  additions  to  insure  satisfactory  reaction.  These 
materials  generally  have  a narrow  firing  range, and  required  peak  temperature 
is  close  to  the  melting  point  of  the  conductor;  i.e.,  a reactive  bonded  gold 
requires  a firing  temperature  of  1000°C  and  reactive  bonded  PtAg  requires 
925°C.  A fritted  conductor  contains  glass  which  during  firing  becomes  fluid, 
wets  the  metal  particle  and  reacts  with  the  glass  in  the  alumina  substrate  to 
form  a bond  of  the  metal  particle  to  the  base  material.  Firing  temperature  is 
less  critical  and  depends  only  on  reaching  adequate  temperature  for  the  glass 
to  become  fluid.  A mixed  bonded  system  is  a combination  of  a glass  frit  and 
a reactive  component.  The  glass  reacts  with  the  substrate,  as  in  a frit 
bonded  system,  but  also  acts  as  a catalyst  for  the  formation  of  the  spinel 
structure  of  the  reactive  component.  These  systems  have  a wider  firing  tem- 
perature than  the  reactive  bonded  system.  Adhesion  of  the  mixed  bonded  system 
is  generally  better  than  a frit  bonded  system  of  the  same  metal  family. 
Generally,  adhesion  and  electrical  conductivity  will  increase  with  decreasing 
frit  content  for  a given  conductor  type. 

Substrates  used  for  this  evaluation  were  obtained  from  two  suppliers: 

3M,  Technical  Ceramics  Products  Division,  Laurens,  South  Carolina  and 
Materials  Research  Corporation,  Orangeburg,  New  York.  Three  different  sub- 
strate types  were  used:  3M  614,  96%  alumina  with  a nominal  surface  of  34 
micro-inches  and  an  average  grain  size  of  10-12  microns;  MRC  96%  alumina 
with  a surface  finish  of  6-8  micro-inches  and  grain  size  of  3-4  microns; 
and  MRC  99.5%  superstrata  alumina  with  a surface  finish  of  3-4  micro-inches 
and  grain  size  of  less  than  two  microns. 

Specific  reactions  between  thick  film  inks  and  the  three  substrate  types  are 
complex,  but  some  general  predictions  can  be  made.  Frit  bonded  inks  should 
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react  adequately  with  the  96%  aluminas  and  form  an  adherent  conductive 
film.  There  is  enough  glass  (4-8  percent)  in  the  96%  alumina  to  react  with 
the  glass  frit  in  the  ink  to  insure  proper  adherence.  For  the  99.5%  alumina, 
insufficient  glass  is  present  to  obtain  adequate  adherence.  For  a reactive 
bonded  system,  the  surface  area  of  the  alumina,  or  grain  size,  becomes  impor- 
tant. The  larger  surface  area,  fine  grain  alumina,  should  show  higher  adhesion 
provided  the  glass  present  in  the  alumina  does  not  interfere  with  the  copper 
aluminate  spinel  formation.  More  alumina  surface  is  available  for  reaction 
with  the  copper  in  the  reactive  system.  Adhesion  on  the  large  grain  96% 
alumina  should  be  lower  due  to  less  alumina  surface  area  available  for  bond- 
ing. Mixed  bonded  systems  should  have  good  adhesion  on  all  three  types  of 
alumina  since  they  are  bonded  both  by  a reactive  component  and  a glass  frit. 
Electrical  conductivity  should  not  vary  significantly  with  substrate  type 
using  the  same  thick  film  material. 

EvaTuation  of  the  thick  film  material  was  done  in  two  areas:  adhesion  test- 
ing and  electrical  testing.  Adhesion  testing  was  performed  using  a wire 
pull  test;  wire  was  attached  using  a soft  solder.  Samples  were  aged  at  150°C 
for  48  hours  to  determine  the  effect  of  high  temperature  storage  on  adhesion. 
For  adhesion  testing  of  gold  conductors,  Au-Sn  solder  was  used  since  lead-tin 
solders  leach  gold  too  rapidly  to  obtain  meaningful  adhesion  data.  Conven- 
tional thermo-compression  wire  bonding  was  done  to  all  corductor  materials  to 
determine  compatibility  for  chip  and  wire  type  hybrid  circuits.  Electrical 
measurements  consisted  of  a D.C.  resistivity  measurement,  continuity  check  for 
screened-thru-hole  metallization,  and  Q measurements  at  2,  4 and  8 GHz.  All 
procedures  for  fabrication  of  test  samples  are  in  the  appendices. 

All  patterns  for  testing  were  screened  through  a 325  mesh  screen  with  a .0005 
inch  emulsion.  This  procedure  resulted  in  a fired  film  thickness  of  11-13 
microns.  Samples  were  fired  following  manufacturers'  recommendations  where 
possible. 
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Testing  of  these  selected  thick  film  conductors  was  designed  to  demonstrate  j 

compatibility  of  these  materials  with  assembly  techniques  and  provide  a \ 
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7.2  METALLIZATION  ADHESION 

The  purpose  of  the  adhesion  tests  on  thick  film  conductors  was  to  determine 
the  effect  of  substrate  type  and  solder  type  on  the  initial  and  aged  adhesion. 
Samples  were  tested  initially  and  after  thermal  aging  for  48  hours  at  150°C. 

Soft  solders  were  used  in  these  tests  except  for  the  gold  conductors  where 
a hard,  gold-bearing  solder  was  used.  Table7-2  shows  the  solder  composi- 
tions used  and  their  respective  melting  points. 

As  previously  discussed,  the  bonding  mechanism  of  the  thick  film  conductor 
will  determine  the  compatibility  of  the  ink  with  the  substrate  types. 

Figures  7-1  thru  7-4  show  initial  and  aged  (150°C,  48  hours)  adhesion  of  four 
thick  film  inks  on  the  three  substrate  types  previously  described.  These  figures 
show  the  average  strength  and  ± a.  All  samples  were  soldered  using  62%  Sn, 

36%  Pb,  2%  Ag  solder.  The  procedure  for  fabrication  of  test  samples  is 
described  in  Appendix  I.  All  materials  were  fired  using  standard  profiles 
when  possible.  The  Cermalloy  7029  copper  required  a nitrogen  ambient  during 
firing,  and  the  Electro-Oxide  6990  gold  required  significantly  higher  tem- 
perature for  proper  firing. 

Figure  7-1  shows  the  adhesion  of  Cermalloy  7029  copper  as  a function  of  aging 
and  substrate  type.  Average  initial  adhesion  on  all  three  substrate  types 
is  excellent.  The  higher  values  occurring  on  the  96%  aluminas  indicate  the 
glass  in  the  system  reacts  with  glass  in  the  alumina  to  serve  as  a catalyst 
for  creation  of  the  solid  state  reaction  between  active  materials  in  the  ink 
and  alumina.  This  is  confirmed  by  the  lower  adhesion  on  MRC  99.5%  super- 
strata alumina  where  a low  initial  average  strength  is  observed  and  there  is 
a larger  spread  in  strength  values.  Aged  adhesion  dropped  dramatically  on 
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FIGURE  7.1 
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all  substrate  types.  Communications  with  Cermalloy  indicated  some  explana- 
tion for  this  rather  surprising  behavior.  First,  they  believed  the  solder 
flux  that  was  used  in  this  experiment  was  too  active.  They  recommend  the  use 
of  Alpha  711  instead  of  Kester  1544.  The  major  factor  for  aged  adhesion 
decreasing  was  due  to  the  fired  conductor  thickness.  For  good  aged  adhesion, 
Cermalloy  stated  the  conductor  thickness  should  be  about  20  microns  rather 
than  the  11-13  micron  conductor  thickness  of  these  samples.  This  implies  tha-t 
during  aging  solid  state  reactions  are  occurring  which  leach  the  solder  and 
seriously  affect  the  bonding  mechanism.  Aging  the  samples  only  20°C  below 
the  melting  point  of  the  solder  further  accelerated  the  loss  of  adhesion.  To 
achieve  a 20  micron  fired  film  thickness,  a dry  print  thickness  of  30-35 
microns  is  necessary.  A dry  print  thickness  in  this  range  would  seriously 
impair  our  ability  to  define  small  accurate  geometries.  Further  investigation 
of  fired  thickness,  definition  and  aged  adhesion  v;ould  be  required  to  determine 
optimum  processing  conditions. 

Figure  7-2  shows  adhesion,  both  initial  and  aged,  for  Dupont  9770  PtAg.  The 
average  adhesion  and  ± a limits  are  shown.  The  data  is  quite  similar  to  the 
mixed  bonded  copper  system.  Initial  adhesion  is  satisfactory  and  aged  adhe- 
sion drops  to  an  unacceptable  low  value.  Initial  adhesion  on  the  96"  alumina 
once  again  is  higher  than  the  99.5%  alumina,  indicating  the  glass  in  the  ink 
reacts  with  the  glass  in  the  alumina  which  results  in  higher  adhes’on.  The 
quantity  of  glass  in  the  99.5%  alumina  is  not  sufficient  for  this  reaction 
to  occur,  and  therefore  a lower  adhesion  results.  A finer  grained  96%  alumina 
with  surface  finish  of  6-8  micro-inches  showed  the  highest  initial  adhesion. 

The  combination  of  fine  grain  with  proper  glass  content  on  this  material  re- 
sulted in  the  highest  adhesion  with  our  standard  furnace  profile.  Aged  adhe- 
sion decreased  due  to  the  thickness  of  the  fired  film,  11-13  microns.  Further 


investigation  of  fired  thickness,  firing  temperature,  line  definition  and 
aged  adhesion  is  required  to  optimize  process  conditions. 

Figure  7-3  is  a plot  of  adhesion  of  Dupont  9308  PdAg.  This  material  reacted 
in  a predictable  fashion.  Initial  adhesion  of  this  fritted  system  is  best 
on  the  96%  aluminas.  Specifically,  this  material  was  formulated  for  optimum 
results  on  3M  614  96%  alumina.  Therefore,  initial  adherence  was  best  on  the 
3M  34  micro-inch  surface  finish  material.  Adhesion  on  the  99.5%  alumina  is 
typically  lower  due  to  the  bonding  mechanism  of  this  frit  system.  The  glass 
in  the  thick  film  ink  does  not  react  properly  with  the  99.5%  alumina  for 
maximum  adherence.  Aged  adhesion  decreases,  as  expected,  due  to  a solid  state 
reaction  between  pallidum  and  tin  in  lead-tin  solders.  For  this  PdAg  ink, 
the  decrease  in  adhesion  on  aging  corresponds  well  to  data  published  by 
Dupont.  This  material  is  acceptable  for  hybrid  use  on  the  96%  alumina  sub- 
strates tested  but  cannot  be  reliably  used  on  99.5%  alumina  substrates. 

Figure  7-4  shows  adhesion  of  Dupont  9885  PtAu.  Average  adhesion  and  ± o are 
plotted  for  each  substrate  type.  Initial  adhesion  was  very  consistent  with 
all  substrate  types  tested.  Aged  adhesion  on  the  96%  aluminas  showed  mini- 
mal change.  On  the  99.5%  alumina,  a drop  in  aged  adhesion  was  observed.  On 
the  96%  alumina,  the  glass  in  the  ink  reacts  with  the  glass  in  the  alumina, 
promoting  the  reactive  bond;  hence,  good  initial  adhesion  results.  This 
reaction  does  not  occur  as  readily  on  the  99.5%  alumina,  and  aging  of  the 
solder  conductor  disrupts  the  bonding  mechanism  and  lowers  the  aged  adhesion. 
Since  there  are  no  intermetal  lie  compounds  formed  during  aging  between  the 
conductor  and  solder,  aged  adhesion  is  almost  the  same  using  a 96%  alumina. 

No  adhesion  tests  were  conducted  with  soft  solders  to  gold  metallization. 
Although  a skilled  operator  can  make  a connection  using  this  metallurgical 
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combination,  it  is  not  recommended  as  a production  technique.  Some  adhesion  j 

testing  was  done  on  gold  conductors  using  80%  Au  - 20%  Sn  solder.  The  data  is  j 

summarized  in  Table  7-3.  No  aged  adhesion  testing  was  done.  This  limited  data 
suggests  the  mixed  bonded  Dupont  9791  gold  reacts  better  with  the  substrate 
material  at  the  firing  profile  used  - 850°C.  The  Electro-Oxide  6990  gold  is 
a frittless  system  and  firing  temperature  is  extremely  critical.  Recommended 
firing  temperature  is  980°C  - 1020'^C.  The  Electro-Oxide  gold  was  fired  in 
our  laboratory  BTU  furnace  at  985°C,  the  maximum  temperature  for  this  furnace. 

If  we  could  have  achieved  a 1000°C  furnace  profile,  higher  adhesion  values 
would  be  expected  from  this  system.  Therefore,  adhesion  comparison  of  these  i 

two  golds  indicates  the  Dupont  gold  had  better  substrate  adhesion  under  the 
firing  conditions  of  this  experiment.  Due  to  the  unique,  high-firing  tempera- 
ture of  the  Electro-Oxide  6990  gold,  this  material  is  not  compatible  with  our 
present  standard  furnace  profiles. 

Adhesion  testing  was  done  on  Electro-Oxide  1130  PtAg.  The  adhesion  was  very 
poor  when  fired  with  our  standard  850°C  furnace  profile.  This  conductor, 
according  to  Electro-Oxide,  requires  a 925°C  temperature  profile  for  satis- 
factory adherence.  Electro-Oxide  1130  PtAg  is  a frittless  conductor,  and  the 
maximum  firing  temperature  is  critical.  The  required  profile,  925°C  for  ten  min- 
utes, is  not  a standard  in  our  facility  at  this  time;  therefore  optimum  process- 
ing (i.e.,  adherence)  was  not  achieved.  During  screen  printing,  this  material 
exhibited  excellent  line  definition  and  electrical  measurements  which  are 
discussed  later  indicate  this  could  be  a good  conductor  for  use  in  high  fre- 
quency circuits.  Further  work  would  be  required  to  define  process  parameters 
before  use  of  this  material  in  hybrid  circuits. 


The  next  series  of  adhesion  tests  on  soft  solderable  conductors  varied  the 
tin  content  since  some  interest  was  indicated  very  early  in  the  program  in 
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TABLE  7-3 

ADHESION  CHARACTERISTICS  OF  THICK  FILM  GOLD 
USING  80%  Au  - 20%  Sn 
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in  the  use  of  various  soldering  temperatures  in  the  construction  of  hybrid 
circuits.  The  data  is  presented  in  Figures  7-5  thru  7-8.  All  conductors  were 
printed  with  a 325  mesh  screen  with  .0005  inch  emulsion,  resulting  in  a 
fired  thickness  of  11-13  microns.  Samples  were  processed  as  outlined  in 
Appendix  i_a.  /\ii  samples  were  fabricated  on  3M  614  96%  alumina  substrates. 


Figure  7-5  is  a plot  of  Cermalloy  7029  copper  vs  adhesion  as  a function  of 
solder  type.  The  high,  low  and  average  adhesions  are  shown.  Initial  adhe- 
sion appears  to  be  more  a function  of  the  melting  point  of  the  solder.  Aged 
adhesion  shows  a significant  decrease  due  to  film  thickness  and  solid  state 
diffusion  as  explained  earlier  when  62%  Sn,  36%  Pd,  2%  Ag  adhesion  results 
were  discussed. 


Figure  7-6  shows  adhesion  of  Dupont  9770  PtAg.  The  high,  low  and  average 
adhesions  are  plotted.  The  initial  adhesion  on  the  lower  melting  point 
solders  are  satisfactory.  Aged  adhesion  drcps  dramatically,  indicating 
solid  state  diffusion  and  disruption  of  the  bond  mechanism  in  the  fired 
conductor.  The  high  temperature  solder,  93.5%  Pb,  5%  Sn,  1.5%  Ag,  with 
melting  point  280°C  evidently  severly  leached  the  conductor,  causing 
immediate  and  permanent  loss  of  adhesion. 

Figure  7-7  is  a plot  of  adhesion  for  Dupont  9308  PdAg.  The  high,  low  and 
average  values  are  shown  for  each  solder  type  and  initial  and  aged  adhesion. 
Initial  adhesion  values  are  lower  than  expected  from  Dupont  product  litera- 
ture. This  could  be  due  to  some  leaching  of  the  solder  during  attachment 
of  wires  for  adhesion  testing.  Variation  in  solder  temperature  and  time 
could  cause  the  initial  adhesion  to  be  low.  Aged  adhesion  values  behaved  as 
expected  and  according  to  other  published  literature.  As  the  tin  content  of 
the  solder  increases,  aged  adhesion  decreases.  This  is  due  to  brittle 
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intermetallic  compound  formation  between  pallidum  and  tin  with  the  93.5%  Pb, 

5%  Sn,  1.5%  Ag  exhibiting  the  highest  average  aged  adhesion  and  95%  Sn, 

5%  Ag  the  lowest. 

Figure  7-8  is  a plot  of  adhesion  vs  solder  type  for  Dupont  9885  PtAu.  Plotted 
values  are  high,  low  and  average  adhesions.  Initial  adhesion  appears  to  be 
dependent  upon  tin  content  of  the  solder.  Aged  adhesion  did  not  follow  the 
same  trend  but  rather  seemed  to  be  more  affected  by  the  melting  point  of  the 
solder.  This  may  indicate  a disruption  of  the  bonding  mechanism  with  higher 
temperature  solders.  Aging  further  disturbs  the  reactive  products  with  some 
loss  of  adhesion.  Dupont  noted  their  data  does  not  include  different  solders, 
but  they  felt  that  adhesion  values  were  reasonable. 

These  two  adhesion  tests  showed  generally  expected  results,  varying  substrate 
type  and  solder  type  on  selected  thick  film  conductors.  Dupont's  9308  PdAg 
showed  good  adhesion  to  96%  alumina  substrates  using  different  solders. 
Dupont's  9885  PtAu  showed  typical  results  for  this  type  of  material;  that  is, 
minimal  loss  (or  in  some  cases  increase)  of  adhesion  during  aging.  PtAg  and 
copper  metallization  indicated  significant  loss  of  adhesion  during  aging. 
Dupont's  9791  gold  had  acceptable  adhesion,  using  AuSn  solder,  but  should  not 
be  used  with  soft  solders  in  a manufacturing  environment. 
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7.3  WIRE  BONDABILITY 

Samples  prepared  for  wire  bonding  (gold,  thermo-compression,  ball  bonding) 
were  prepared  as  outlined  in  Appendix  l-B.  The  bondability  bond-strength  data 
had  little  affect  on  the  elimination  or  acceptance  of  any  of  the  conductors. 
However,  this  data  did  tend  to  confirm  some  of  the  trends  observed  in  the  adhe- 
sion testing  reported  earlier.  The  data  is  presented  in  Table  7-4.  Samples 
were  aged  at  150°C  for  48  hours. 

The  ball  lifts  and  metallization  failures  listed  for  Cermalloy's  7029  copper 
tend  to  confirm  the  material  was  too  thin  for  formation  of  reactive  products 
for  optimum  adhesion. 

The  metal  failures  of  Electro-Oxide  material  after  aging  on  MRC  superstrates 
tend  to  indicate  the  firing  cycle  for  this  material  was  not  optimized. 

The  other  metallizations,  gold  PtAu  and  PtAg,  indicate  acceptable  bond 
strengths  since  there  were  no  failures  in  the  metallization  material  or  the 
wire  to  the  film  interface.  All  of  the  thick  film  materials  were  bondable 
and,  with  some  firing  cycle  adjustment,  could  be  made  acceptable. 


AlSiMag  614  - 96%  A1,0,  MRC  99.5%  Al^O^  MRC  96%  AI2O3  6 - 8 pinch 


I 


TABLE  7-4 
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BONDING  CHARACTERISTICS  OF  THICK  FILM  CONDUCTORS 


MODE  OF  FAILURE 


CONDI- 

WIRE 

METALLIZATION 

TIONING 

BREAKS 

CERMALLOY 

INITIAL 

89.3% 

7029  Cu 

AGED 

83.3% 

ELECTRO-OXIDE 

INITIAL 

93.3% 

6990  Au 

AGED 

100% 

DUPONT 

INITIAL 

90% 

9770  PtAg 

AGED 

93.3% 

DUPONT 

INITIAL 

100% 

9308  PdAg 

AGED 

96.7% 

DUPONT 

INITIAL 

86.7% 

9885  PtAu 

AGED 

100% 

DUPONT 

INITIAL 

100% 

9791  Au 

AGED 

100% 

CERMALLOY 

INITIAL 

77.8% 

7029  Cu 

AGED 

80.0% 

ELECTRO-OXIDE 

INITIAL 

96.6% 

6990  Au 

AGED 

72.4% 

DUPONT 

INITIAL 

100% 

9770  PtAg 

AGED 

96.6% 

DUPONT 

INITIAL 

100% 

9308  PdAg 

AGED 

96.7% 

DUPONT 

INITIAL 

100% 

9885  PtAu 

AGED 

100% 

DUPONT 

INITIAL 

100% 

9791  Au 

AGED 

100% 

CERMALLOY 

INITIAL 

90% 

7029  Cu 

AGED 

56.7% 

ELECTRO-OXIDE 

INITIAL 

100% 

6990  Au 

AGED 

100% 

DUPONT 

INITIAL 

90% 

9770  PtAg 

AGED 

93.3% 

DUPONT 

INITIAL 

100% 

9308  PdAg 

AGED 

100% 

DUPONT 

INITIAL 

90% 

9885  PtAu 

AGED 

96.7% 

DUPONT 

INITIAL 

100% 

9791  Au 

1 

AGED 

100% 

WEDGE 

HEEL 

NECK 

LIFT 

3.6% 

3.5% 

3.6% 

16.7% 

0 

0 

0 

6.7% 

0 

0 

0 

0 

6.6% 

3.4% 

0 

3.3% 

3.4% 

0 

0 

0 

0 

3.3% 

0 

0 

13.3% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11.1% 

0 

3.7% 

6.7% 

13.3% 

0 

0 

3.4% 

3.4% 

3.5% 

10.3% 

0 

0 

0 

0 

0 

3.4% 

0 

0 

0 

0 

0 

3.5% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3.4% 

3.3% 

0 

16.7% 

13.3% 

0 

1 

0 

0 

0 

0 

0 

0 

3.3% 

6.7% 

0 

6.7% 

1 

0 

0 

0 

0 

0 

0 

0 

0 

6.7% 

3.3% 

3.3% 

0 

■1 

0 

0 

0 

0 

0 

0 

13.8% 


8.24g 

7.77g 

6.ng 

7.46g 


7.13g 

7.24g 

6.86a 

8.04g 

6.90g 

7.90g 

6.78g 

7.71g 

7.99g 

7.59g 

7.21g 

7.43g 


6.32g 

6.03g 

6.87g 

7.98g 

6.20g 

7.20g 

6.15g 

7.22g 

7.32a 

7.68g 

6.03g 

6.94g 
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7.4  ELECTRICAL  EVALUATION 

Several  types  of  electrical  measurements  were  made.  D.C.  resistivity  was 
measured  on  all  conductors  using  a serpentine  pattern  with  an  aspect  ratio  of 
436:1.  A D.C.  electrical  continuity  check  for  screened-through-holes  was 
done  to  determine  relationship  of  hole  size  to  substrate  thickness.  High  fre- 
quency measurements  were  made  and  a relationship  of  Q vs  frequency  established. 

D.  C.  resistivity  as  a function  of  substrate  type  is  shown  in  Table  7-5.  All 
samples  were  fired  with  the  same  profile  used  for  the  adhesion  tests.  All 
resistivity  values  are  in  the  range  of  values  reported  by  the  thick  film 
manufacturers'  data.  No  significant  differences  as  a function  of  substrate 
type  were  observed  although  measurement  accuracy  may  not  have  been  good 
enough  to  establish  significant  differences  between  substrate  type. 

The  feasibility,  yield  and  reliability  of  sereen-through-holes  was  investi- 
gated. Substrate  thicknesses  were  .025,  .040  and  .060  inches.  Laser 
drilled  hole  diameters  were  .020,  .025,  .030  and  .040  inches.  The  procedure 
used  for  preparation  of  samples  is  outlined  in  Appendix  i-c.  Table  7-5  summa- 
rizes the  initial  evaluation  using  Dupont  9308  PdAg.  (Only  this  material  was 
used  for  this  investigation.)  With  a hole  diameter  equal  to  or  greater  than 
the  substrate  thickness,  screened-through-hole  process  can  be  done  with  high 
yield.  Table  7-6  summarizes  the  results  after  the  same  samples  shown  in 
Table  7-7  are  then  subjected  to  1000  hours  at  150°C  and  ten  temperature  cycles 

from  -55°C  to  +125°C.  Two  screened-through-holes  on  substrates  .025  inches 
thick  with  .020  diameter  holes  failed  during  environmental  conditioning.  Hole 
diameters  equal  to  or  greater  than  the  thickness  of  the  substrate  should  pro- 
duce screened-through-holes  with  high  yield.  The  only  requirement  is  proper 
tooling.  The  platen  should  have  holes  10%  smaller  in  diameter  which  are 
centered  exactly  below  the  substrate  holes  to  insure  the  vacuum  will  pull  the 
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D.C.  RESISTIVITY  CHAF 
OF  THICK  FILM  COF 
ALL  MEASUREMENTS  IN  MIL 


MATERIAL 

96% 

AlSiMag  614 

DUPONT 

B 

3.126 

9770  PtAg 

B 

.053 

ELECTRO-OXIDE 

B 

3.636 

1130  PtAg 

B 

.038 

DUPONT 

B 

9791  Au 

B 

Bia 

ELECTRO-OXIDE 

B 

3.210 

6990  Au 

B 

.059 

CERMALLOY 

X 

2.940 

7029  Cu 

a 

.045 

DUPONT 

>r 

31.02 

9308  PdAg 

a 

DUPONT 
9885  PtAu 


X 


5. 

2. 
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TABLE  7-6 

PLATED  THROUGH  HOLE  CONTINUITY 
INITIAL 


SUBSTRATE  THICKNESS  (INCHES) 


HOLE 

DIAMETER 


20 

o 

o 

o 

o 

SAMPLE 

SAMPLE 

YIELD 

% 

SIZE 

YIELD 

% 

SIZE 

YIELD 

% 

98.5 

176 

98.9 

160 

5% 

100 

176 

100 

160 

27.5% 

100 

176 

100 

160 

50% 

100 

176 

94.9 

160 

35.6% 

TABLE  7-7 

PLATED  THROUGH  HOLE  CONTINUITY 
AGED  1000  HOURS  150°C 
TEMPERATURE  CYCLE  10  TIMES  -55°C  TO  125°C 


.020  200  97.5  176  98.9  160 
.025  200  100  176  100  160 
.030  200  100  176  100  160 
.040  200  100  176  94.9  160 
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thick  film  ink  through  the  holes.  The  vacuum  opening  should  be  consistent 
with  the  requirement  that  the  substrate  be  held  tightly  during  printing. 

High  frequency  measurements  of  the  thick  film  metallizations  were  made,  and 
the  procedure  for  the  measurements  is  outlined  in  Appendix  I-D.  Q measure-  ' 

ments  were  made  at  2,  4 and  8 GHz.  For  comparison,  thin  film  gold  metalliza- 
tion 250  yinch  thick  is  also  presented.  Figure  7-9  is  a plot  of  Q vs  frequency 
for  the  thick  film  conductors  designed  to  produce  a 50n  impedance.  As  ex- 
pected, an  inverse  relationship  is  displayed  between  Q and  sheet  resistivity; 
i.e.,  the  lower  the  sheet  resistivity,  the  higher  the  Q.  The  high  resistivity 
inks,  PtAu  and  PdAg,  had  the  lowest  Q,  while  the  conductive  inks,  gold,  PtAg 
and  copper,  had  the  highest  Q.  Figure  7-10  graphically  shows  the  relationship 
of  Q to  sheet  resistivity  at  the  three  frequencies  of  measurement.  This  data  is 
for  only  one  firing  type  profile.  Should  optimum  electrical  properties  be 
necessary  at  these  frequencies,  investigation  of  Q as  a function  of  firing  tem- 
perature would  be  necessary.  Resistivity,  and  therefore  Q,  would  be  expected 
to  vary  as  a function  of  firing  temperature  and  time  at  temperature  due  to 
further  diffusion  of  glass  in  the  thick  film  ink  for  a frit  system,  or  the 
additional  sintering  of  metal  particle  and  possible  diffusion  and  reaction  of 
reactive  components  in  the  thick  film  ink  during  firing. 


SEMi'LOGARITHMlC  *2  CyCLCS  X 70  DIVISIONS  ^070 

KEUfFEL  » eSSCN  CO.  HAMinyv*  ^0^7/0 
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7.5  CONCLUSIONS 

Adhesion  of  thick  film  conductors  is  affected  by  substrate  type,  film  thick- 
ness and  firing  profile.  To  insure  adequate  adhesion,  all  three  variables 
should  be  investigated  and  the  process  optimized.  Adhesion,  both  initial  and 
aged,  must  be  determined  to  insure  proper  performance  of  circuits  over  operat- 
ing life  and  temperature.  The  tests  conducted  in  this  investigation  showed 
the  Dupont  9308  PdAg  and  Dupont  9885  PtAu  had  satisfactory  adhesion  with  profiles 
suggested  by  Dupont  used  and  screening  parameters  chosen.  Using  gold  bearing 
solders,  Dupont  9791  gold  had  satisfactory  adhesion.  Further  investigation  of 
film  thickness  and  furnace  profiles  is  necessary  to  achieve  maximum  adhesion 
of  thick  film  conductor  materials. 

Screened-through-hole  process  for  ground  connections  is  a reliable  process 
provided  hole  diameters  are  equal  to  or  greater  than  the  substrate  thickness. 
Proper  platen  tooling  is  necessary  to  insure  the  ink  is  pulled  through  the 
holes  by  vacuum. 

Electrical  resistivity  is  not  affected  by  substrate  type  within  the  accuracy 
of  measurement.  Changes  of  furnace  profile  could  produce  a lower  film  resis- 
tivity. 

Q measurements  correlate  well  with  D.C.  resistivity  measurements.  Once 
again,  effect  of  firing  profile  was  not  investigated,  and  Q measurement  could 
be  a more  sensitive  parameter  to  monitor  than  D.  C.  resistivity. 

For  the  thick  film  conductors  investigated,  Dupont  9791  Au  is  recommended 
for  maximum  Q and  satisfactory  adherence;  however,  gold  bearing  solders  must 
be  used  for  solder  attachment  of  passive  and  active  components.  For  hybrid 
assemblies  using  soft  solders,  either  Dupont  9308  PdAg  or  Dupont  9885  PtAu 
is  reconmended.  Further  work  is  required  to  characterize  a conductor  system 
with  high  Q and  compatibility  with  soft  solders. 
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APPENDIX  I-A 


7.6  METHOD  OF  TEST  FOR  WIRE  PEEL  ADHESION  OF  SOLDERED  THICK  FILM 
CONDUCTORS  TO  CERAMIC  SUBSTRATES 

1.0  SCOPE 

This  method  of  test  covers  a procedure  for  determing  the  bond-strength 
characteristics  of  microcircuit  thick  films  bonded  to  insulating 
substrates. 

2.0  DEFINITION 

2.1  Breaking  Strength  - the  average  load  for  a specified  bond  area  and 
bending  distance  required  to  separate  one  member  from  the  other  over 
the  adhered  surfaces.  The  load  shall  be  applied  in  tension  and  per- 
pendicular to  the  bond  plane  at  a point  determined  by  the  bending 
distance. 

3.0  APPARATUS 

3.1  Testing  Machine  - a tensile  testing  machine  which  fulfills  the 
following  requirements: 

3.1a  Fixed  Member  - A fixed  or  stationary  member  carrying  one  grip 

3.1b  Movable  Member  - A movable  member  or  crosshead  carrying  a 
second  grip. 

3.1c  Grips  - Grips  for  holding  a test  specimen  between  the  fixed 
and  the  movable  member. 

3. Id  The  applied  tension  as  measured  and  recorded  shall  be 
accurate  to  ± 5%. 

3.1e  A suitable  device  for  recording  the  maximum  load  value  for 
each  thick  film. 

3. If  The  machine  should  be  of  such  capacity  that  the  maximum  applied 
load  during  test  shall  not  exceed  85%  nor  be  less  than  15%  of 
rated  capacity.  However,  experimental  readings  will  be  recorded 
regardless  of  percentage  of  scale  reading. 

4.0  TEST  SPECIMENS 

4.1  The  test  specimens  shall  consist  of  ceramic  wafers  upon  one  surface  of 
which  a thick  film  to  be  tested  has  been  formed  to  a specific  shape  and 
thickness.  (See  Section  5 - "Preparation  of  Test  Specimen".) 

4.2  The  part  of  the  test  specimen  for  applying  the  loading  force  shall  con- 
sist of  the  following: 

Wire  of  a specified  diameter  (quage).  Recommended:  0.081  cm 
(0.932")  dia.  (AWG  120  guage.) 
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4.3  Several  test  specimens  shall  be  prepared.  Each  specimen  is  to  have 
test  pads  of  uniform  size,  square  shaped  and  equally  spaced.  The 
thickness  of  the  film  shall  be  measured  and  recorded. 

Recommended  pad  size:  0.20  cm  X 0.20  cm  (0.08"  X 0.08") 


5.0  PREPARATION  OF  TEST  SPECIMENS 

5.1  Materials 


5.1a  Conductor  composition  to  be  tested. 
5.1b  Screen  Pattern  - 200  mesh  or  325  mesh. 


5.1c  Wire  - #20  AW6  bare  wire. 

5. Id  Solder  - 62  Sn/36  Pb/2  Ag 

5.1e  Solder  Flux  - Kester  1544  or  Kester  1571 

5. If  Substrates  - As  supplied  per  experiment. 

5.2  Test  Patterns 

5.2a  Print,  dry  and  fire  conductor  test  patterns  as  specified. 

5.2b  Handle  test  substrates  along  edges  only  during  all  phases 
of  sample  preparation. 

5.2c  Compositions  to  be  tested  should  be  thoroughly  mixed  prior 
to  printing.  Printed  patterns  should  be  uniform  in  appear 
ance. 

5.3  Wire  Leads 


5.3a  Wire  to  be  used  with  this  test  should  be  clean  and  free  of 
tarnish  to  ensure  good  solder  wetting. 

5.3b  If  test  wire  leads  are  to  be  made  from  spool  wound  stock, 
all  bends  and  kinks  must  be  removed.  This  can  be  done  by 
cutting  a length  of  wire  several  feet  long,  fastening  one 
end  in  a suitable  stationary  fixture  and  stretching  the  wire 
from  the  other  end  with  pliers.  The  stretch  should  not 
exceed  O.S'Vfoot. 

5.3c  After  straightening  wire,  cut  4-inch  lengths,  handling  wire 
as  little  as  possible.  Carefully  form  crooks  at  one  end  of 
each  wire  lead  and  twist  crooks  shut  to  form  loops.  Needle- 
nose  pliers  are  suitable  for  this  purpose. 

5.3d  Degrease  formed  wire  leads  in  solvent  and  allow  to  dry.  After 
this  cleaning  step,  handle  wire  leads  at  extreme  ends  only. 
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5.4  Lead  Attachment 

5.4a  Dip  the  substrate  into  solder  flux  to  a depth  of  about  1/4". 

Allow  excess  to  drain  off. 

5.4b  Make  sure  the  solder  bath  surface  is  free  of  flux  residues  and 

dross.  Place  flux-coated  edge  of  substrate  in  contact  with  molten  i 

solder  surface,  holding  substrate  in  a vertical  position  while 

doing  so.  Hold  in  this  position  for  several  seconds  to  allow  I 

heating  of  flux.  When  flux  shows  evidence  of  wi eking  up  the 

substrate,  lower  the  substrate  into  bath  until  all  adhesion  test 

pads  are  fully  immersed. 

5.4c  Solder  immersion  time  should  be  sufficient  to  ensure  complete  ] 

wetting  of  the  test  pads.  Adequate  immersion  periods  will 
depend  upon  type  of  material  to  be  tested  and  may  have  to  be 
determined  prior  to  preparation  of  adhesion  test  samples. 

Immersion  periods  should  be  no  longer  than  necessary  to  pre- 
vent excessive  leaching  of  test  material.  Consult  the  manu- 
facturer for  specific  soldering  schedules. 

5.4d  Withdraw  the  immersed  test  patterns  from  the  solder  bath  at  , 

a uniform  rate  to  allow  draining  of  excess  solder.  A with- 
drawal rate  of  0.5-1 .O'Vsec.  is  appropriate  in  most  cases. 

Do  not  attempt  to  force  cool  the  solder  bonds  by  means  of  a 
cool  air  draft  or  blowing  upon  them. 

5.4e  Using  soldering  iron  set  to  temperature  for  reflowing  solder 
and  pre-heated  hot  plate  (115°C),  solder  leads  onto  center 
of  pads.  More  flux  may  be  used. 

5.4f  When  the  substrate  has  cooled  to  a safe- to- touch  temperature, 
rinse  with  solvent  to  remove  flux  residue  and  allow  to  air  dry. 

5.5  Sample  Curing 

Allow  a minimum  16-hour  room  temperature  curing  period  prior  to  per- 
forming adhesion  measurements.  During  this  period,  the  solder  system 

will  have  approached  a sufficient  degree  of  structural  equilibrium  to 

permit  best  reproducibility  during  testing. 

( 

5.6  Lead  Wire  Bending  i 

5.6a  Carefully  place  a straight  edged  rule  across  the  lead  wires  and  ' 

bend  .050"  from  edge  of  test  pattern.  The  peeling  force  is  very  ^ 

dependent  upon  the  length  of  wire  between  the  bend  point  and  the  '•* 

pad  edge.  Exercise  care  in  making  wire  bends  at  a uniform  dis- 
tance from  the  pads. 


AOtlESION  TCST  KJND  CONnCURATlOM 


5.6b  Bend  each  wire  to  a perpendicular  with  the  substrate  surface  and 
mount  onto  the  test  instrument,  being  careful  to  maintain  perpen^ 
dicularity  between  wire  and  substrate.  It  may  be  necessary  to 
bend  each  lead  wire  immediately  prior  to  testing  the  associated 
pad  to  prevent  interference  from  adjacent  lead  wires  during 
clamping. 


6.0  MEASUREMENT  PROCEDURE 

6.1  Measure  each  bond-strength  as  pulled  and  record  the  data. 


7.0  DATA  RECORDING 

In  addition  to  a description  of  pertinent  sample  processing  conditions 
and  materials  used,  the  following  items  should  appear  on  the  test 
report: 

7.1  Individual  pad  breaking  strengths  in  instrument  measurement  dimensions 
(lbs  or  grams).  In  general,  the  recorded  values  should  be  precise  to 
within  1%  of  instrument  full-scale  (e.g.,  0.1  lb  for  a 10-lb  scale). 
Each  recorded  value  should  be  easily  identifiable  as  to  substrate  and 
material . 

7.2  Bond  failure  mode  for  each  test  pad.  The  following  notation  should 
be  adequate  and  appropriate  entry  made  next  to  each  recorded  breaking 
strength. 
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Small  amounts  of  metallizing  may  remain  in 
isolated  pad  areas. 


B Separation  occurs  within  the  solder  fillet, 

leaving  metallizer  pad  essentially  intact. 

A plane  of  separation  close  to  the  pad  sur- 
face is  usually  apparent. 

C Separation  occurs  between  lead  wire  and 

solder  fillet.  Partial  removal  of  metallizer 
and  fillet  may  also  occur. 


7.3  Calculate  and  record  the  average  breaking  strength  (Y) , standard  devia- 
tion the  coefficient  of  variation  (CV)  and  tne  number  of  pad 

samples  tested  (n).  The  following  formulae  should  be  used: 


Average  Breaking  Strength: 

— _ X]  + X2  -t-  . . . + Xn  (lb) 
n 


Standard  Deviation: 


Coefficient  of  Variation: 
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APPENDIX  I-B 

7.7  BONDABILITY  TESTS  FOR  THICK  FILM  METALLIZATIONS 
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The  following  procedure  outlines  minimum  tests  to  ensure  bondability  of  thick 
film  materials.  Note  that  a bonding  process  with  99.9%  confidence  results 
in  a circuit  yield  of  about  82%  if  the  circuit  contains  100  intraconnections. 

Sample  Preparation  - Cleaning 

1.  5-10  minute  wash  in  A20  Stripper  * 

2.  Hot  water  rinse 

3.  Isopropyl  alcohol  rinse 

4.  Blow  dry  with  N2 

Materials  and  Equipment 

1 . Gol  d Wi  re 

A.  1.0  mil  dia.,  CPN  431-0668-070 

B.  0.7  mil  dia.,  CPN  431-0668-100 

2.  Collins  C500A  bonders  equipped  with  beryllium  oxide  capillaries 
Machine  Setup 

The  C500a  bonder  is  set  up  according  to  standard  procedure. 

Bonding  Procedure 

Bonding  is  performed  according  to  standard  procedure.  Basic  parameters  are 


as 

follows : 

1. 

1.0 

mil  wire 

A. 

90  grams  force,  ball  bond 

B. 

1.0  - 1.2  seconds  dwell,  ball  bond 

C. 

220  ± 10°C  work  temperature 

D. 

600  ± 15°C  capillary  temperature 

E. 

50  grams  force,  wedge  bond 

F. 

Minimum  dwell,  wedge  bond 

2. 

0.7 

mil  wire 

A. 

55  grams  force,  ball  bond 

B. 

1.0  - 1.2  seconds  dwell,  ball  bond 

C. 

220  ± 10°C  work  temperature 

D. 

600  ± 15‘’C  capillary  temperature 

E. 

35  grams  force,  wedge  bond 

F. 

Minimum  dwell,  wedge  bond 

Sample  Size  Per  Material  Combination 
Material  combination  includes: 


1.  Wire  size 

2.  Metallization  composition 

3.  Metallization  process  conditions 

4.  Substrate 

5.  Underlying  metallizations  or  classifications 
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* Allied  Chemical  Chlorinated  Phenol  Solvent 
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Minimum  sample  size  is  twenty  wires  per  test.  This  at  most  yields  a 95» 
confidence  in  bondability. 


Tests 

1,  As  Bonded  Conditions 

A.  Visual  inspect  to  requirements  of  MPM  768-4080-001 

B.  Destructively  pull  test  using  the  hook  technique  mil  std. 
883A,  method  2011.1,  condition  D 

C.  Record  breaking  strength  in  grams  and  failure  mode.  For 
definitions  of  failure  modes  see  Figure  1. 

2.  Stressed  by  Aging  and  Temperature  Cycling 

A.  Age  for  48  hours  at  150°C 

B.  Temperature  cycle  (10  cycles)  per  mil  std.  883A,  method 
1010.1,  condition  C 

C.  Destructively  pull  test  using  hook  technique  mil  std.  883A, 
method  2011.1,  condition  0 

0.  Record  breaking  strength  in  grams  and  failure  mode 
Definitions  of  Failure  modes 


Figure  1 . 


P.L.  - Bond  Pad  Lift  H.  - Heel  of  Wedge 

B.L.  - Ball  Lift  W.L.  - Wedge  Lift 


N.  - At  Neck  Down  Above  Ball  M.L.  - Metallization  Lift 

W.  - Wire  Failed  0.  - Other  Modes 
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Disposition  of  Material 

1.  Bondability  - Good 

This  condition  is  met  if  after  testing  all  wires  met  the  strength 
requirements  of  mil  std.  883A,  method  2011.1,  condition  D and  all 
failures  occurred  in  the  wire. 

2.  Bondability  - Questionable 

This  condition  is  met  if  after  testing  all  wires  met  the  strength 
requirements  of  mil  std.  883A,  method  2011.1,  condition  0,  but  at 
lease  one  wire  failed  as  a ball  or  wedge  lift. 

3.  Poor  Bondability 

This  condition  is  met  if  minimum  strength  is  less  than  that  required 
by  mil  std.  883A,  method  2011.1,  condition  0 and  failures  of  ball 
lifts  and  wedge  lifts  occur. 
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7.8  APPENDIX  I-C 

1.0  SCOPE 

To  detennine  the  feasibility  and,  if  feasible,  the  methods  of 
screening  thru  holes  in  three  different  thickness  ceramics. 

2.0  MATERIALS 

2.1  Dupont  9308  PdAg  T * 850°C 

2.2  Drilled  Matrices 

Hole  Sizes  Defined  in  Text 

2.3  Drilled  Platen 

3.0  PROCEDURE: 

3.1  Using  a 200  mesh  test  pattern,  screen  conductors  on  one  side  of 
ceramic. 

3.2  Dry  - Fire  at  recommended  temperature. 

3.3  Print  backside  of  ceramic  using  same  screening  pattern. 

3.4  Dry  - Fire  at  recommended  temperature. 

3.5  Measure  integrity  of  holes  as  to  conductivity,  cosmetic  appearance. 

3.6  Calculate  yield  as  substrate  thickness  vs  hole  diameter. 

3.7  Age  the  parts  for  1000  hours  at  150°C;  then,  temperature  cycle  ten 
times  from  -55°C  to  +125°C 

3.8  Repeat  steps  5 and  6. 
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2.2a  20-each  .025"  thick  ceramics 
2.2b  20-each  .040"  thick  ceramics 
2.2c  20-each  .060"  thick  ceramics 
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